Fluorocarbon based polymers have been identified as promising resist candidates for 157nm material design because of their relatively high transparency at this wavelength. This paper reports our recent progress toward developing 157nm resist materials based on transparent dissolution inhibitors. These 2 component resist systems have been prepared and preliminary imaging studies at 157nm are described. Several new approaches to incorporating these transparent monomers into functional polymers have been investigated and are described. The lithographic performance of some of these polymers is discussed.
Introduction:
The design of 157nm photoresists is a daunting task since air, water, and most organic compounds are opaque at this wavelength. Spectroscopic studied led to the observation that fluorinated hydrocarbons and siloxanes offer the best hope for the transparency that is necessary for the design of an effective 157nm photoresist, and these classes of materials have quickly become the prominent platforms for a variety of research activities in this field. In previous publications2 we have discussed our approach to the design of the resist polymer requires identification of four "modules" : a backbone that tethers the functional subsistents and provides basic mechanical properties, an etch barrier that provides RIE resistance, an acidic group that generates tetramethylammonium hydroxide (TMAH) developer solubility, and an acid-labile protecting group that enables a chemical amplification type solubility switch. Here, we are discussing the use of transparent dissolution inhibitors that will provide dissolution inhibition that is acid labile and is more transparent. The difficulty lies in identifying moieties that will not only perform these specific functions, but also provide transparency at the 157nm wavelength.
In this paper, we present our continuing efforts in the area of fluorocarbon-based 157nm resist development. We have synthesized a number of fluorinated and non-fluorinated dissolution inhibitors that have been incorporated into poly norbornanehexafluoroalcohol (PNBHFA) type polymers2. This paper focuses on our progress on several of these platforms. Investigation of these materials by VUV spectrometry and variable angle spectroscopic ellipsometry (VASE), along with actual imaging experiments of certain DI's, has shown encouraging results and provided a clear direction for the development of 157nm lithographic resist materials.
Experimental 2.1 Materials
Bicyclo[2.2.1 ]hept-5-ene-2-(l,1, l-trifluoro-2-trifluoromethylpropane-2-ol) (NBHFA) was received as a gift from JSR Corp., poly(NBHFA) (PNBHFA) and triphenylsulfonium Nanaflate was received as a gift from AZ Clariant. Tetrabutylammonium hydroxide was purchased from Aldrich as was the starting materials for many of the dissolution inhibitors that were synthesized. All liquid reagents used for VUV measurements were distilled from appropriate drying agents, thoroughly degassed by freeze, pump, thaw cycles and sealed in glass ampoules under vacuum.
Instruments and Equipment
Gas phase VUV measurements were made on an Acton CAMS-507 spectrophotometer fitted I. Photopolym. Sci. Technol., Vol.15, No.4, 2002 with a custom-made gas cell attachment. The details of the cell design and implementation have been described previously3. VUV spectra of polymer films were calculated from measurements made with a J.A. Woollam VU301 variable angle spectroscopic ellipsometer (VASE) and/or measured with the Acton CAMS-507 spectrophotometer. The films were cast on either silicon wafers (VASE) or calcium fluoride disks (Acton) from solutions in propylene glycol monomethyl ether acetate (PGMEA) or cyclohexanone and baked at 100-130°C for at least 5 min prior to analysis. All absorbance data reported are in base 10.
All imaging work was performed on an Exitech 157nm small field (1.5 x 1.5 mm2) mini-stepper (0.6 NA) using either a binary mask (a 0.7) or alternating aperture phase-shift mask (6 0.3) at International SEMATECH. Top down scanning electron micrographs were collected on a JEOL JWS 7550 microscope and cross-sectional data were collected on a Hitachi 4500 microscope. All coating, baking, and development of resist films were performed using an FSI Polaris 2000 track. Thickness measurements were made on a Prometrix interferometer.
Results and Discussion 3.1 Required Properties of Dissolution Inhibitors:
There are several attributes that dissolution must contain in order to be useful in a photoresist system. These include the ability to inhibit the base polymer, switchability, transparency, solubility in casting solvent, low volatility, etch resistance, phase compatibility with the with base polymer, synthetic accessibility, reproducibility, and non-toxicity.
Estimating Absorbance
There are several absorbance measurement techniques that we have used to understand the contribution a material will have on the overall absorbance of the resist system. VASE (variable angle spectral ellipsometry) can be utilized and for this the sample must be film, however, if the dissolution inhibitor is required to be a monomer and monomeric materials do not form films. Gas phase absorption measurements and for this the sample must be volatile, however, a useful DI must be non-volatile. It's possible to add the dissolution inhibitor to the host polymer with a known absorbance and we have chosen this route to determine the absorbance as an additive process.
Early DI's
Efficient imaging of addition polymers is reported to require dissolution inhibitors4. We have therefore surveyed a variety of compounds that may be used as dissolution inhibitors for 157nm lithography. Our first studies are with carbon monoxide copolymers5, we discovered that this polymer (1) typically has very low molecular weights. Because of this, they were tested as dissolution inhibitors. This compound was first tested with polymer (2) poly (norbomane hexafluoroalcohol co-norbornane t-butyl ester (PNBHFATBE) as a photoresist when incorporated with triphenylsulfonium nanaflate. These results discussed by Hung et. alb and are shown in figure 1.
This resist formulation proved to be very useful and was the first public demonstrated of 100nm imaging at a practical thickness of a fluoropolymer system processed at 157nm imaging. Although compound 1 contributes to the overall film inhibition of the system it also significant contributes to the overall optical density of the system. Figure 2 is a VASE spectra of the carbon monoxide homopolymer 1 demonstrating an optical density of 3.51µm.
H" Class of Dissolution Inhibitors 3.4.1
Monomeric DI's The monomeric dissolution inhibitors discussed in the paper are shown below compounds 3-10. Our intention is to demonstrate the usefulness of a 2-component system and that DI's can be found that contribute little to the overall absorbance of the photoresist system. Lithographic data will be shown on compound 10 only.
1,3 andl,4 HFAB Derivatives
Compounds 3-9 are derivatives of 1,3and 1,4-bis(2-hydroxyhexafluoro isopropyl) benzene. A general synthesis is shown in figure 3 . Phenolic compounds are known to contribute to absorbance at 157nm and the authors therefore hydrogenated this material at 500 psi with rhodium over carbon'.
3.4.3
Dissolution Inhibition Testing Compounds 1, 4, 6 & 9 were tested in polymer 2 for dissolution inhibition capability. Each of these materials were formulated at various percentages ranging from 0% to 10% into the host polymer which has a ratio of 92% PNBHFA and 8% NbtBE.
Each formulated material was spun cast on to HMDS bare silicon treated wafer and soft baked at 130°C for 60 seconds to achieve a film thickness of 8000A. Each wafer was then placed in our in-house dissolution rate monitor to determine the unexposed film loss. In figure 5 we have plotted the results indicating that all materials with the exception of compounds 4 & 6 inhibit dissolution in this polymer matrix
Absorbance Dilution
A goal of this project is to develop compounds that are transparent or contribute little to the overall absorbance matrix of the photoresist system. In figure 6 the authors investigated the absorbance of the host polymer once compounds 4 & 9 are added in separate schemes to understand the absorbance of the monomer and it's contribution to the resist system. Each compound was added to the host polymer PNBHFA in varying percentages and spin cast on to bare silicon wafers, soft baked and measured by VASE. We stated earlier that it was difficult to measure the absorbance of each monomer due to a number of factors. Here we can see the practical use of adding monomers to polymers to determine absorbance contribution.
3.4.5
Summary of "H" Class Inhibitors Each of these dissolution inhibitors has been rated for solubility, inhibition and absorbance at 157nm.
In figure 7 we have graphically stated what our data indicates with compound 8 as our preferred material as it contain all the attributes that we are interested in.
Diazonapthaquiones
The major surprise of our work is the remarkable optical properties of the diazonaphthaquione shown in figure 8 . This material original published by Willson8 was developed for near & mid UV lithography approximately 20 years ago. This results are interesting because they highlight several interesting aspects of this work.
3.5.2
Meyerhofer Data Our previous experience with various types of DNQ's draws us towards visiting the past. The further research into this interesting interaction is highlighted in the Meyerhofer plot in figure 9 . In this plot we have seen some interesting information about the interaction between each of the host polymers and the DNQ. Previous authors have discussed polyhydroxystyrene (PHS) and various types of DNQ's9. Due to the extremely high dissolution rate and little to no interaction between the DNQ and PHS there is virtually no dissolution inhibition at practical loadings. Numerous authors have published the interactions between DNQ's and novolac's, however; this is the first discussion of PNBHFA and a DNQ. In our Meyerhofer plot we see that this DNQ inhibits the dissolution of the PNBHFA polymer even though the pKA of this polymer is similar to PHS. This will be the subject of more investigations over the coming months and years.
3.5.3
Functional Group Study In figure 10 we have attempted to quantify the characteristics of polymers 1-4 and 4 other dissolution inhibitors; the larger the dot the better inhibition with the host polymer. Polymer 1 is known to be difficult to inhibit, however, compound 1 does inhibit well. Polymer 2 can be inhibited, however, only by compound 1 and the DNQ. Polymer 3 is difficult to inhibit with any of our DI's, however, polymer 4 can be inhibited by nearly all of our DI's with the exception of compound 1. All of this data suggests that there a number of interesting interactions that are occurring which require extensive research. 3.5.4 Gas Phase Data The authors synthesized the compounds shown in figure 11 to examine the absorbance properties of norbornane verses other monomers.
We have previously discussed the absorbance of norbomane and compound "a" demonstrating improvements in absorbance5. Compounds b and c have been investigated based on the data obtained in section 3.5.1. In figure 11 it is demonstrated the different optical properties of these 2 materials verses norbomane. This will be the subject of much more research over the next few months.
Imaging
PNBHFA was formulated with compound 10 with 10% by weight to the polymer with TPS-Nf 6% by weight for imaging at 248nm. The authors have chosen this compound as a model compound for a Bis-BOC dissolution inhibitor for our first imaging studies. The resist was spin cast on an HMDS treated bare silicon wafer and soft baked at 100°C for 90 seconds and exposed on an MS3 KrF step and scan exposure tool from SVG Lithography at International SEMATECH. The wafers were than post exposure baked at 90°C for 90 seconds and develop for 20 seconds in TMAH. 
Conclusion
The authors have proposed a 2-component photoresist system based on fluoropolymers, and fluorinated and non-fluorinated compounds. Data that has been presented demonstrated the optical and dissolution properties of various polymers and monomeric inhibitors. We have reintroduced the use of DNQ's for use at 157nm, 193nm and 248nm applications with PNBHFA polymer. We have demonstrated a functional photoresist based on a two-component resist system with a clearly defined path to improvements in transparency.
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